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ABSTRACT: 

PURPOSE: To decrease generation amount of NOx by devising the internal 
combustion engine in the title so that fuel spray collides against a tapered 
inner peripheral surface in a combustion chamber while injection pressure and 
injection rate are restrained low at an injection initial period and so that a 
combustion field is kept at a very high temperature. 

CONSTITUTION: A circular inner peripheral surface 7 of a combustion chamber 
5 of upper edge open type formed on the upper wall of a piston 1 is formed in a 
tapered shape so that an upper edge part side is narrowed, and simultaneously, 
a central projection part 10 of a mushroom shape is formed in the central part 
of the combustion chamber 5. Additionally, the direction of a virtual central 
line A of fuel spray P injected from a plural number of injection ports of a 
top edge nozzle part of a fuel injection valve 3 fixed on a cylinder head 2 is 
set to be almost in parallel with the upper edge surface of the projection 10 
and it is devised so that low pressure fuel spray P collides against the.inner 
peripheral surface 7 at an injection initial stage. Additionally, a high 



4/26/06, EAST Version: 2.0.3.0 



BEST AVAILABLE COPY 



pressure injection rate control injection system is set to restrain both 
injection rate and injection pressure low during the injection initial stage 
near a top dead center. A supercharger thereby cools fuel spray down to 1 - 
5°C.by an intercooler 27 and a supply air cooling system 30 of a turbine 
type and thereafter supplies it to a supply air manifold. 
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SPECIFICATION 

1 . Title of Invention 

Direct Injection Type Internal Combustion Engine 

2. What Is Claimed Is: 

(1) A direct injection type internal combustion engine comprising an exhaust 
turbine supercharger and intercooler, in which fuel is sprayed directly from a fuel 
injection valve into a combustion chamber formed in the top wall of a piston, comprising: 
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A high pressure injection rate control injection system that restrains the fuel 
injection rate and fuel injection pressure in the initial combustion stage near top dead 
center and increases them and makes high pressure in the middle and later combustion 
stages, 

A combustion chamber whose inner peripheral surface is formed in a ring-shaped 
tapered surface that narrows at the top and has an arc surface formed at the bottom; an 
upward projection part whose upper surface is conical is formed in the center of the 
combustion chamber; an arc surface indented toward the projection part's center is 
formed in the peripheral surface of the projection part; the bottom end of this arc surface 
and the bottom arc surface of the inner peripheral tapered surface are joined by a planar 
ring-shaped bottom part; a flame expansion bottom space is ensured; it is arranged so that 
fuel collides with said tapered inner peripheral surface in the initial injection stage; 
injection pressure rises as the piston descends and a swirling flow is created in the bottom 
space; and 

An air supply cooling system comprising a compressor that recompresses air 
supplied from said intercooler, an aftercooler that recools air supplied from the 
compressor, and an air turbine that expands air supplied from the aftercooler and supplies 
it to the air supply manifold and drives said compressor. 

(2) The direct injection type internal combustion engine according to claim 1, 
wherein there is two-stage supercharging, with a low pressure stage supercharger and a 
preintercooler connected to the exhaust turbine supercharger. 

(3) The direct injection type internal combustion engine according to claim 1, 
wherein an EGR device is attached to recirculate some of the exhaust gas to the air 
supply. 

3. Detailed Description of the Invention 
Industrial Field of Application 

The present invention pertains to a direct injection type internal combustion 
engine comprising an exhaust turbine supercharger and intercooler, in which fuel is 
sprayed directly from a fuel injection valve into a combustion chamber formed in the top 
wall of a piston. 

Prior Art 

FIG. 1 1 shows the ordinary overall structure of this type of internal combustion 
engine. Inside the engine are an air supply manifold 21 and an exhaust manifold 22. The 
turbine 25 of an exhaust turbine supercharger 24 is connected to the exhaust manifold 22, 
and a compressor 26 is connected to the air supply manifold 21 via an intercooler 27. 
When the temperature of the intake air is about 20°C, for example, it is raised to about 
100°C by being compressed by the supercharger 24' s compressor 26, cooled to 
40C~50°C by the intercooler 27, and supplied to the air supply manifold 21. 

Examples of conventional combustion chambers are the toroidal type shown in 
FIG. 9 or the squished lip type with an inner peripheral tapered surface as shown in FIG. 
10, etc. Means for restricting the spray of fuel into these combustion chambers have not 
been devised. 

Also, in a conventional fuel control injection system, when the injection pressure 
becomes high as shown in FIG. 12 due to changes in the injection cam shape, the fuel 
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injection rate rises rapidly from the initial injection stage, so the injection amount 
increases all at once simultaneous with the fuel valve opening. If combustion occurs in 
this sort of state, after fuel injection starts, a large amount of fuel becomes micro particles 
due to high pressure during the ignition retardation period, and when ignition occurs, the 
fuel mixed with large amounts of air combusts all at once. The combustion field at this 
time has compressed air so pressure and temperature are high, and the oxygen 
concentration is the same as that of the reference air, so the flame temperature is very 
high and lots of NOx is discharged. That is, the problem occurs that the amount of NOx 
discharged in the initial combustion stage becomes large. 

Object of the Invention 

The object of the present invention is to increase the effect of reducing the NOx 
generated in the initial combustion stage by reducing the air supply temperature, by 
controlling the fuel injection rate and injection pressure, and by adjusting the shape of the 
combustion chamber; to improve air mixture formation by providing high pressure for 
fuel combustion pressure in the middle combustion stage and thereafter and by 
backsquish overflow, etc.; and to increase output performance and to reduce the creation 
of black smoke. 

Technical Means for Achieving this Object 

The present invention, in order to achieve the above-described object, comprises: 

A fuel control injection system that restrains the fuel injection rate and fuel 
injection pressure in the initial combustion stage near top dead center and increases them 
and makes high pressure in the middle and later combustion stages, 

A combustion chamber whose inner peripheral surface is formed in a ring-shaped 
tapered surface that narrows at the top and has an arc surface formed at the bottom; an 
upward projection part whose upper surface is conical is formed in the center of the 
combustion chamber; an arc surface indented toward the projection part's center is 
formed in the peripheral surface of the projection part; the bottom end of this arc surface 
and the bottom arc surface of the inner peripheral tapered surface are joined by a planar 
ring-shaped bottom part; a flame expansion bottom space is ensured; it is arranged so that 
fuel collides with the above-described tapered inner peripheral surface in the initial 
injection stage; injection pressure rises as the piston descends and a swirling flow is 
created in the bottom space; and 

An air supply cooling system comprising a compressor that recompresses air 
supplied from the intercooler, an aftercooler that recools air supplied from the 
compressor, and an air turbine that expands air supplied from the aftercooler and supplies 
it to the air supply manifold and drives the above-described compressor. 

Also, in order to increase output performance even more, there is two-stage 
supercharging, with a low pressure stage supercharger and a preintercooler connected to 
the exhaust turbine supercharger. 

Also, in order to increase the NOx reduction effect even more, a recirculating 
EGR device is attached to recirculate some of the exhaust gas to the air supply. 

Operation 
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The supplied air temperature is greatly reduced to 0~5°C by an air supply cooling 
system such as an air turbine, etc., and in the initial combustion stage when the pressure 
and temperature near the top dead center area are high, there is a small amount of 
injection due to a low injection rate and low injection pressure, and part of the spray is 
restrained by touching the inner peripheral tapered surface, thereby locally suppressing 
the hot flame temperature and amount around the initial spray. That is, the initial 
combustion is restrained, and that suppresses NOx creation. 

As the piston descends the fuel injection pressure rises, and the flame flows to the 
central projection side while describing an arc from the tapered inner peripheral surface 
to the planar bottom part, and expands inside the space between the planar bottom part 
and the projection part's arc surface. The flow of air flowing into the combustion 
chamber at this time is aligned with the direction of progress of the spray after collision 
due to the action of the inner peripheral tapered surface and the central projection part's 
conical surface. 

In the middle combustion stage and thereafter, fuel adhered to the tapered inner 
peripheral surface in the initial combustion stage is blown off by high pressure injection, 
and the flame quickly expands because of the narrow portion between the top end of the 
tapered inner peripheral surface and the top end of the central projection part and ejects to 
outside the combustion chamber; this improves the exhaust gas color. 

Embodiment 

First, to explain the shape of the combustion chamber, FIG. 1 shows a sectional 
view of a squished lip type combustion chamber in a direct injection type diesel engine 
employing the present invention. In FIG. 1, a fuel injection valve 3 is fixed to a cylinder 
head 2 at a slight incline; the bottom end nozzle of the fuel injection valve 3 is positioned 
at a position that is slightly offset from a cylinder 4's center line Ol, and faces the 
interior of the cylinder 4 from above. 

A disk-shaped combustion chamber 5 whose upper end is open is formed in the 
upper wall of a piston 1; it is centered on a center line 02 that is slightly offset toward the 
cylinder's center from the above-described fuel injection valve 3's nozzle. A ring-shaped 
inner peripheral surface 7 of the combustion chamber 5 is formed tapered so that top end 
narrows. The bottom portion of the tapered inner peripheral surface 7 passes through an 
arc surface 8 and becomes the combustion chamber's bottom wall 9. 

The combustion chamber 5's bottom wall 9 is formed to be planar. A mushroom- 
shaped central projection part 10 that projects upward from the bottom wall 9 portion is 
formed in the center of the combustion chamber 5. An upper tip surface 10a of the 
projection part 10 is formed in a moderate cone shape centering on combustion chamber 
center line 02. The upper tip surface 10a of the projection part 10 is formed at a position 
slightly lower than the top surface of the piston 1. A ring-shaped arc surface 1 1 indented 
toward the combustion chamber's center is formed in the peripheral surface of the central 
projection part 10. The bottom end of the arc surface 1 1 smoothly becomes the above- 
described planar bottom part 9. A flame expansion bottom space S with a large volume 
is ensured by the arc surfaces 8 and 1 1 and the planar bottom part 9. 

A plurality of orifices is formed at the tip nozzle of the fuel injection valve 3. 
They are set so that the direction of an imaginary centerline A of a spray P sprayed from 
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the orifices is nearly parallel to the upper surface of the projection, and in the initial 
injection stage a low pressure spray P collides with the tapered inner peripheral surface 7. 

Next, to explain a high pressure injection rate control injection system, the 
injection rate and injection pressure are set as shown in FIG. 5 by changes in the height 
and shape, etc. of the cam face of an injection cam. That is, during the initial injection 
stage near top dead center, both the injection rate and injection pressure are kept low. 

The injection rate and injection pressure increase during the middle stage of 
injection, and in the later injection stage, when the injection pressure becomes high, the 
injection rate also reaches a maximum. 

FIG. 7 shows an overall schematic view of a diesel engine. The air supply 
manifold 21 and exhaust manifold 22 are provided at the sides of an engine 20. The 
turbine 25 of an exhaust turbine supercharger 24 with a high pressure ratio is connected 
to the exhaust manifold 22. An EGR (exhaust gas recirculation) device 42 is provided 
between the turbine 25 and compressor 26 with a control valve 41 interposed; it is able to 
regulate small amounts (for example, about 5-10%) of exhaust gas and recirculate it to 
the air supply. 

A small intercooler 27 is connected to the supercharger 24' s compressor 26; the 
intercooler 27 is connected to the air supply manifold 21 via a turbine-type air supply 
cooling system 30. 

Connected in the air passage inside the air supply cooling system 30 are (in 
sequence from the upstream side) a compressor 31 for compressing the supplied air 
again, an aftercooler 35 for cooling again, an air turbine 32 for greatly lowering the 
temperature of the supplied air by expansion, and an auxiliary air supply port 37 that can 
provide the atmosphere from outside. The compressor 31 and air turbine are drive-linked 
by a turbine shaft 33; the compressor 31 is driven by the turbine 32. The auxiliary air 
supply port 37 is provided with a backflow prevention valve 38 that permits only 
introduction of air from outside; when the supplied air pressure becomes negative 
because of the turbine 32, air from outside is provided. 

The operation shall be explained. First, to explain about the flow of supplied air. 
and its temperature changes in FIG. 7, air from outside at about 20°C for example is 
sucked in by the compressor 26 of the exhaust turbine supercharger 24, and a small 
amount of exhaust gas is sucked in from the exhaust manifold 22 side via the EGR device 
42 and is compressed. The temperature of the supplied air rises to about 100°C because 
of this compression. Also, the carbon component in the exhaust gas is removed inside 
the EGR device 42. 

The supplied air compressed by the compressor 26 is cooled to 40~50°C by the 
intercooler 27 and then put into the air supply cooling system 30. Inside the air supply 
cooling system 30 first [the air] is compressed again by the compressor 31, and its 
temperature rises to about 100°C, but it is cooled to about 40°C in the aftercooler 35 and 
expands in the air turbine 32. As a result, the supplied air pressure drops, and at the same 
time the supplied air temperature drops to an extremely low temperature (0~5°C), and it 
is supplied to the air supply manifold 21. 

Next, changes inside the combustion chamber shall be explained. In the initial 
injection stage near top dead center as shown in FIG. 1, the fuel spray P that is sprayed at 
a weak injection pressure collides with the tapered inner peripheral surface 7; some of it 
adheres to the tapered inner peripheral surface 7 and the remainder flows along the 
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tapered inner peripheral surface. The supplied air temperature is very low as described 
previously, so rapid combustion is restrained and the amount of NOx created is reduced. 

When the crank angle is near 10°C and the piston descends as shown in FIG. 2, 
the fuel injection pressure rises and the flame describes an arc according to arc surface 8 
from the tapered inner peripheral surface 7 to the planar bottom part 9, and flows to the 
arc surface 1 1 of the projection part 10 while expanding inside the bottom space 
(expansion chamber) S. Then a swirling flame flow is formed in the bottom space 
(expansion chamber) S together with the spray that continues to be injected. 

In the middle combustion stage and thereafter as shown in FIG. 3 (near crank 
angle 20°) fuel adhered to the tapered inner peripheral surface in the initial injection stage 
is blown off by high-pressure injection, and the flame quickly expands because of the 
narrow portion between the top end of the tapered inner peripheral surface 7 and the top 
end of the central projection part 10 and ejects to outside the combustion chamber as a 
strong squished flow, and the exhaust gas color is improved. . 

FIG. 6 is a graph showing changes in exhaust gas color and the amount of NOx 
created. Graph Al, indicated by a solid line, shows the change in a conventional 
example; graph A3, indicated by a broken line, shows the change when using the 
combustion chamber of FIG. 1, the high pressure injection rate control injection system 
of FIG. 8, and the air supply cooling system and EGR device of FIG. 7. Also, graph A2, 
indicated by a dashed line, shows the change when the EGR device is excluded from the 
above-described conditions for graph A3. 

Alternate Embodiments 

(1) It is also possible to structure matters so that the EGR device 42 directly 
bridges between the air supply manifold 21 and exhaust manifold 22 as indicated by the 
imaginary line in FIG. 4. 

(2) FIG. 7 is an example of employing claim 2's two-stage supercharging 
system. A low pressure stage supercharger 50 is added to the exhaust turbine 
supercharger 24 for the high pressure stage. The turbines 51 and 25 of the superchargers 
24 and 50 are connected via an exhaust pipe 55; the compressors 52 and 26 are connected 
via a preintercooler 53. 

As a result, the pressure ratio of the supplied air is raised by the increase in 
supercharging pressure, the expansion ratio of the air turbine 32 in the air supply cooling 
system 30 is increased, the flow rate of very low temperature air is increased, and it is 
possible to increase output performance even more. 

It is also possible to attach a scroll switching valve 60 to the inlet of the turbine 51 
of the low pressure stage supercharger 50, making it possible to vary the flow cross- 
sectional area of exhaust gas entering the turbine 51. That is, a sensor or the like detects 
when the air supply manifold 21*s air pressure is low or when the air temperature is high, 
etc. and the scroll valve 60 half-closes the exhaust pipe 55 as shown in the drawing, 
thereby increasing the exhaust's flow speed and making the turbine rotate faster and 
replenishing the insufficient air supply amount. 

(3) FIG. 8 is an example in which the two-stage supercharging system is 
employed and the EGR device 42 is attached at the same time. The EGR device 42 is 
attached between the turbine 51 and the compressor 52 of the low pressure stage 
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supercharger 50, but it can also be directly provided between the air supply manifold 21 
and exhaust manifold 22 as indicated by the imaginary line. 

Effect of the Invention 

As a result of the present invention as described above: 

(1) Injection pressure and injection rate are kept low in the initial injection 
stage by a high pressure injection rate control injection system, and the spray P collides 
with the tapered inner peripheral surface 7 inside the combustion chamber; moreover, the 
combustion field is at a very low temperature due to the air supply cooling system 30, so 
initial combustion stage is restrained and has reliable ignition, so it is possible to reduce 
the amount of NOx created. 

(2) Fuel injection pressure rises as the piston 1 descends, and the flame 
describes an arc according to arc surface 8 from the tapered inner peripheral surface 7 to 
the planar bottom part 9, and flows to the arc surface 1 1 of the projection part 10 while 
expanding inside the bottom space (expansion chamber) S. Then a swirling flame flow is 
formed in the bottom space (expansion chamber) S together with the spray that continues 
to be injected 

In the middle combustion stage and thereafter, fuel adhered to the tapered inner 
peripheral surface 7 in the initial injection stage is blown off by high pressure injection, 
and the flame quickly expands because of the narrow portion between the top end of the 
tapered inner peripheral surface 7 and the top end of the central projection part 10 and 
ejects to outside the combustion chamber 5 as a strong squished flow, and the exhaust gas 
color is improved. 

(3) Adding the low pressure supercharger 50 to the exhaust turbine 
supercharger 24 to provide two-stage supercharging increases the supplied air pressure 
ratio due to the increase in supercharging pressure, and makes it possible to increase the 
expansion ratio of the air turbine 32 in the air supply cooling system 30. Therefore the 
flow rate of very low temperature supplied air is increased, and it is possible to increase 
output performance even more. 

(4) Attaching an EGR device reduces the oxygen concentration and moderates 
combustion, so the amount of NOx created is reduced even more. 

4. Brief Description of the Drawings 

FIG. 1 is a vertical sectional view of a combustion chamber in a diesel engine 
employing the present invention; it shows the initial injection period. FIG. 2 and FIG. 3 
are vertical sectional views showing the sequence of changes in the injection state as the 
crank angle increases. FIG. 4 is an overall schematic view of a diesel engine. FIG. 5 is a 
graph showing changes in cylinder internal pressure, injection pressure, injection rate, 
average gas temperature, and heat generation ratio. FIG. 6 is a graph showing changes in 
NOx and changes in exhaust gas color. FIG. 7 is an overall schematic view of a diesel 
engine that uses a two-stage supercharging system. FIG. 8 is an overall schematic view 
of a diesel engine that uses a two-stage supercharging system and an EGR device. FIG. 9 
and FIG. 10 are vertical sectional views of conventional combustion chambers. FIG. 1 1 
is an overall schematic view of a conventional diesel engine. FIG. 12 is a graph showing 
injection pressure and injection rate in to a conventional fuel control injection system. 1 
... piston, 2 ... cylinder head, 3 ... fuel injection valve, 4 ... cylinder, 5 ... combustion 
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chamber, 7 . . . tapered inner peripheral surface, 8 ... arc surface, 9 . . . planar bottom part, 
10 ... central projection part, 11 ... arc surface, 24 .. exhaust turbine supercharger, 27 ... 
intercooler, 30 ... air supply cooling system, 31 ... aftercooler, 32 ... air turbine for 
expansion, 42 ... EGR device, 50 ... low pressure stage supercharger, 53 ... 
preintercooler 

Patent Applicant: Yanmar Diesel Engine Co., Ltd. 
Agent: Tadashi Omori, Patent Agent [seal] 

Clean copy of drawings (No change to contents) 
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EGR device 




Air supply cooling system 
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FIG . 5 




TDC -> Crank angle 
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FIG. 6 
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AMENDMENT (Formal) 



September 6, 1990 

To: Commissioner, Japan Patent Office 

1. Case Indicator 

Laid-open Patent Application No. Hei 4-31653 

2. Title of Invention: 

Direct Injection Type Internal Combustion Engine 

3 . Amending Party: 

Relationship to Case: Patent Applicant 
Name: Yanmar Diesel Engine Co., Ltd. (678) 
Address: 1-32 Chayamachi, Kita-ku, Osaka City 
Representative: Toshio Yamaoka, Representative Director 

4. Agent: 

Name: Tadashi Omori, Patent Agent (6525) [seal] 

Address: Chiyoda Building, East Wing, 7 th Floor; 2-9-4 Higashi Amaya, Kita-ku, 

Osaka City (530) 

Phone: Osaka (06) 353-1635 

5. Date of Amendment Order (Date Sent): August 28, 1990 

6. Subject of Amendment: Drawings 

7. Content of Amendment: 

(1) Provide clean copy per attachment of drawings that were initially attached. 
(No change to contents) 

8. List of Attachments 
Drawings (all drawings), 1 copy 

The End 
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